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PILOT OPERATED VALVE 

Description of Invention 

This invention relates to a fluid switch having three ports and electrical 
switch means for controlling flow of fluid through said ports. The invention 
also relates to a.valve assembly having electrical means for controlling the fluid 
pressure relative to a working volume in three control states. The control states 
may apply, hold or release fluid pressure relative to the working volume. 

The fluid switch may be used in connection with any suitable application 
such as a fluid valve or for applications other than valves, for example pistons. 

The valve assembly may be an ABS valve in the brake ^stem of a • 
vehicle in which the control states may apply, hold or release fluid pressure 
from the working volume which, in this case, comprises a vehicle brake. 

Objects of the invention are to provide a new and improved fluid switch 
and a new and improved valve assembly, and in particular is more economical 
than an existing valve assembly. 

According to one aspect of the invention we provide a fluid switch 
giving three outputs from a three port, two position structure, actuated by an 
electrical supply which may be high or low to provide two of said outputs or 
switched rapidly therebetween to provide the third output 

The fluid may be pneumatic fluid. 

The fluid may be hydraulic fluid. 

The fluid switch may' be a solenoid valve. 

Altefnatively, the fluid switch may be a piezoelectric valve. 

Said structure may comprise a switch member moveable by a control 
means to control flow of fluid through said ports. 

The switch member may be moveable by said control means to. allow 
flow through one port and prevent flow through a second port where the control 
means is in a first state and to prevent flow through the one port and allow flow 
through the second port where the control means is in a second state and to 



wo 03/031855 



2 



PCT/GB02/04566 



allow flow through a third port where said control means is alternated between 
said states. 

Preferably the control means is rapidly alternated between said states. 

The present invention allows three control states to be achieved using a 
single switch member driven by a single electrical channel. This offers a 
simplijBed switch or valve compared witii switches or valves requiring a 
plurality of switch or valve members operated, for example, by an associated 
solenoid as it offers lower switch or valve cost and lower electronic control unit 
cost because fewer output drivers are required, as well as lower cabling cost 
because there is a reduction in Hie number of connections required. A single 
electrical switch may also consume less electrical power than a switch with 
multiple electrical switches. 

According to another aspect of the present invention we provide a valve 
assembly having a fluid switch and a main valve for controlling fluid pressure 
in a working volume in three control states wherein the main valve has fliree 
ports for fluid, flow of fluid through a first port and a second port being 
controlled by the fluid switch being provided with an electrical signal in a first 
state or a second state respectively, and flow of fluid through the third port 
being controlled by altemating said signal, preferably rapidly, between said first 
and second states. 

The fluid may be pneumatic fluid. 

The fllnd'may be hydraulic fluid. 

The electrical switch means may comprise a two - position solenoid 
operated valve member. 

Alternatively the electrical switch may comprise a two position 
piezoelectrically operated valve member. 

The valve assembly may be an ABS valve. 

The valve assembly may be an BBS valve. 
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The pressure supply to tiie fluid switch may be drawn from the pressure 
supply to the main valve thereby making the flow into the control chamber 
related to the supply pressure, for example, approximately proportional to the 
supply pressure. 

A build state may be set when the electrical signal is off for a continuous 
period. 

A dump state may be set when the electrical signal is on for a continuous 
period. 

A hold state may be set when the electrical signal is alternated, 
preferably rapidly, between on and off such that the pressure in the control 
chamber , of the valve remains within an intermediate range. 

The valve may be provided with ABS pressure control logic to control 
the fluid switch. 

The hereinbefore described valves may be provided with operating parts 
having effective areas which provide characteristics, with respect to supply and 
delivery pressures, which compensate for the non-uniform proportion of supply 
pressure delivered by the fluid switch when the electrical signal applied thereto 
has a constant high/low ratio and voltage. 

Said characteristics may be arranged to give a substantially proportional 
constant step build response across the range of operating pressures when a 
predetermined sequence of electrical signals is applied to the fluid switch. 

An ABS valve has a normally open hold seat for preventiiig pr'essure rise 
in a delivery to* a brake operating means when the hold seat is closed and a 
normally open exhaust seat for connecting the delivery to atmosphere or other 
low pressure region when the exhaust seat is open. 

Such seats enable an ABS valve to have ihrec operating states, namely, 

1. A pressure build state in which the hold seat is open and the 
exhaust seat is closed. This enables free flow of fluid from a supply to the 
delivery and from the delivery to the supply. 
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2. A pressure hold state in which the hold seat is closed and the 
exhaust seat is also closed. In consequence no flow between the supply and the 
delivery occurs but,, preferably, flow occurs from delivery to supply if the 
supply is at a lower pressure than the delivay. 

3. A pressure exhaust state in which the hold seat is closed and titie 
exhaust seat is open. No flow occurs from supply to delivery but flow occurs 
from delivery to atmosphere. 

In addition to these three basic states a slow build condition is normally 
required which can be achieved by altematin^ the operating state between the 
hold and build states. 

When the valve is an ABS valve the three control states may comprise a 
build, hold and exhaust state. 

The build pressure state may be when the solenoid is de-energised for a 
continuous period and the pressure in the control volume is less than a 
predetermined percentage of the supply pressure. Said predetemuned pressure 
may lie in the range 5% to 50% and is preferably 20%. 

The exhaust pressure state may be when the solenoid is energised 
continuously and the pressure m the control volume is greater than a 
predetermined percentage of the supply pressure. Said predetermined pressure 
may lie m the range 70 % to 95% and is preferably 80%. 

The hold pressure state may be when the solenoid is switched on and off 
rapidly such that the pressure delivered from the sbfeirbid is about 10% to 90% 
of the supply pressure and preferably about 50%. 

Accprdmg to another aspect of the invention we provide a valve 
assembly having an electrically operated fluid switch control device having two 
seats and a switch member movable alternatively into sealing engagement witii 
the seats to connect a control chamber of a main valve to a supply of -fluid 
imder pressure when the switch member is in a first position and in engagement . 
with one seat and to a low pressure region when the switch member is in a 
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second position and in engagemeiit Avith the other seat, a ]body of the main valve 
having a first chamber in which a first piston is mounted for movement mider 
the influence of fluid pressure in the control chamber, a second piston movable 
in a second chamber provided in the first piston imder the influence of fluid 
pressure in a supply port, tiie second piston being movable into engagement 
with a third seat provided on the first piston to control passage of fluid fi-om a 
delivery to an exhaust and being movable into engagement with a fourth seat 
provided oil said body to control passage of fluid firom a supply to the delivery 
and a control means to energise the fluid switch to position said switch member 

a. in said first position 

b. in said second position 

c. to alternate the position of the valve member between, said first and 
second positions. 

The internal dimensions of the valve are such that the valve enters each 
of the three control states depending upon the proportion of the supply pressure 
which is passed to the control volume. 

By "rapidly" in this specification we mean switched on and off in the 
range 25 to 100 cycles per second (cps)and preferably 50 cps. 

The invention pennits the above mentioned states to apply over a wide 
range of supply pressure. By appropriate selection of tiie effective areas the 
hold state can be maintained over a wide range of control ratio, i.e. control 
pressure/supply pressure, but still ISU'owing the pressure build and pressure 
exhaust state to be reached under any circumstances within the operating range 
of supply pressure. In this specification the operating range of supply pressure 
means 0 to 10 bar but full operation of the valve may not be available when the 
supply pressure is below about 1 bar. 

An adjustment device may be providing for adjusting the volume of the 
control chamber. 
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The adjustment device may comprise an adjuster piston moveable in an 
adjuster chamber which is connected to the control chamber whereby the 
volume of the control chamber may be adjusted by movement of the adjuster 
piston in the adjuster chamber. 

A device may be provided to accentuate a difference in pressure across 
the second piston. 

The device may comprise a shuttle valve connected in fiinctional 
association with a supply port to peraiit of a greater flow of fluid into the 
supply port than out of the supply port. 

The shuttle valve may have a valve member which, when the flow is into 
the supply port, occupies a position in which fluid may flow around the outside 
of the valve member whilst, when the flow is out of the supply port, the valve 
member occupies a position in which flow of fluid around the outside of the 
valve member is restricted or prevented. 

Three embodiments of the invention now be described by way of 
example with reference to the accompanying drawings wherein: 

• Figure 1 is a broken away perspective view of a valve embodying the 
invention. 

Figure la is a perspective view of the valve of Figure 1, 

Figure 2 is a diagrammatic illustration of the valve of Figure 1 when in a 
pressure build condition. 

Figure 3 is a d^jgfammatic illustration of the valve of Figure 1 when in a 
pressure exhaust condition. 

Figure 4 is a diagrammatic illustration of the valve in Figure 1 when in a 
pressure hold condition. 

Figure 5 is a view similar to that of Figures 2 to 4, but annotated 'with 
areas of relevant ports. 

Figure 6 is a diagrammatic illustration of a second embodiment 
comprising a piezoelectric fluid swdtch. 
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Figure 7 is a broken away perspective view of a third valve embodying 
the invention. 

Figure 8 is a perspective view of the valve of Figure 7, 

Figure 9 is a diagrammatic fragmentary illustration of the valve of 
Figures.7 and 8, and . 

Figures 10 and 11 are fragmentary diagrammatic illustrations of another 
part of the valve shown in Figures 7 and 8. 

Referring now to Figure 1, a valve assembly comprises a main valve in a 
body 10 having a supply port 11 for connection to a supply of fluid under 
pressure such as compressed air supplied from the brake control of the vehicle. 
The body 10 also has an exhaust port 12 whereby fluid undw pressure may be 
exhausted to atmosphere or another low pressure region (in which the pressure 
is lower than that in the supply) and preferably is at or about at atmospheric 
pressure. The exhaust port 12 is protected from ingress of dirt by a rabber 
flapl2a supported by a stem 12b . The body 10 also has a delivery port 13 
which extends at right angles to the supply port 1 1 as best shown in Figure la. 

Within the body 10 is a first chamber 14 in which a first piston 15 is 
slidably mounted with an o-ring seal 16 provided between tibie piston 15 and a 
cylindrical wall of the chamber 14. The region of the chamber 14 above the 
piston 15 is indicated at 17 and comprises a control chamber as hereinafter 
described. The region beneath the piston 15 is indicated at 17a and 
conliiKaaicates with exhaust. 

A coil compression spring 18 is disposed between a bottom wall 19 of 
the chamber 14 and a shoulder 20 of the piston 15 to ensure that the piston 15 
returns when there is no supply pressure. 

A second chamber 21 is provided within the first piston 15 and houses a 
second piston 22 which is in sealing engagement through an o-ring seal 23 with 
a cylindrical wall 21a of the chamber 21. A coil compression spring 24 is 
provided to act between the first and second pistons 15 and 22 so as to urge the 
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piston 22 downwardly relative to tbe piston 15 in Figure 1 to ensure that the 
pistons return when there is no supply pressiire. The second piston 22 is 
provided with a formation 25 for engagement with a third or dimip seat 26 
provided on the first piston 15 so as to control passage of fluid through a sleeve 
part 27 of the piston 15 and thus controls passage of flidd under pressure fironi 
the delivery port 13 to the exhaust port 12. A lower part 39a of Ihe chamber 21 
is connected by holes 39c to the chamber 17a. 

The second piston 22 is provided with a tubular downwardly extending 
part 30 which has a central bore 31 and a formatioii 32 for sealing engagement 
with a fourth hold seat 33 provided on the body 10 so. as to control passage of 
fluid imder pressure firom supply port 11 to delivery port 13. As shown in 
Figure Ithe formation 32 maybe a resilient seal element and the seat 33 may be 
a triangular section ring. Alternatively, as shown in Figures 2-5 the formation32 
may be a rigid formation and the seat 33 may be a resilient seal element. The 
part 30 has a web 30a for guiding engagement with the sleeve part 27. 

At its upper end the body 10 is provided with a downwardly extending 
tubular part 35 which is provided with a central bore 36 which extends to a 
fluid switch which in this example comprises a solenoid valve 37. The solenoid 
valve 37 has one seat 38 to permit, passage of air under pressure from an upper 
part 39 of the chamber 21 which is above the piston 22 and which is in 
communication with the supply port 1 1 through the bore 31 and another seat 40 
which controls admission* of fluid past seat 40 which "'controlled by an 
solenoid operable valve member 41 which, when a solenoid 42 is de-energised 
causes the seat 38 to be closed and the seat 40 to be opened whilst when the 
solenoid 42 is energised the reverse occurs so that ttie port 38 is opened and the 
port 40 is closed. 

In use, when the solenoid 42 is de-energised for a continuous period of 
for example >30ms and the pressure in the control chamber 17 is less than, for 
example, 20% of the pressure in the supply port 11 then the components of the 
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valve occupy the position shown in Figure 2 so that the hold seat 33 is open and 
the exhaust seat. 26 is closed and therefore there is free flow of the supply from 
the supply port 1 1 to the delivery port 13 and vice versa. 

When the solenoid 42 is continuously energised and the pressure in the 
control chamber 17 is greater than say 80% of the pressure in the supply port 1 1 
the components of the valve adopt the positions shown in Figure 3 and so the 
delivery port is connected to the exhaust port. 

When the solenoid 42 is switched on and off rapidly for example 50 
cycles per second (cps) and typically in the range 25 cps to 100 cps this results 
in the pressure being delivered from the solenoid valve to the chamber 17 being 
about 50% of the supply port pressure. As a result the valve components adopt 
the position as shown in Figure 4 and so the delivery port is isolated from botii 
the exhaust port 12 and the supply port 11. 

These states can apply over a wide range of.supply pressures. 

By careftil selection of relative areas the hold state can be maintained 
over a wide range of control percentage, eg. 20% to 80%, but still allowing the 
build and dimip states to be reached xmder any circumstances within the 
operating range. 

The solenoid valve 37 is designed such that the mass flow rate through 
the exhaust port from a given pressure in the control chamber 17 is 
approximately equal to the mass flow through the solenoid inlet port 40 from 
double the control chamber pressure. This should mean that when the solenoid 
is switched one way and then the other for equal periods the pressure in the 
control chamber 40 averages at about half of the supply pressure. 
Unfortunately, the physical type of flow through an orifice changes depending 
on pressure ratio. Consequently, the average pressure will tend to be a lower 
proportion of the supply pressure when the supply pressure is near the bottom 
of its range than it is when the supply pressure is near the top of its range. The 
range of supply pressures for truck air brake ABS is about 0 bar to 10 bar, but 
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full Operation of this valve may not be available when the supply, pressure is 
below Ibar. 

The main valve in the body 10 has a normally open hold seat and a 
normally closed exhaust seat There may be some springs incorporated in the 
design, as in this example, but these are only to ensure that the primary and 
secondary pistons return to the required positions when thwe is no sxipply 
pressure. (Otherwise, springs impart characteristics that are probably 
undesirable for the ABS application.) 

The primary piston has three effective areas tiiat control its 
characteristics. Area Al is exposed to the control pressure P3. Area. A4 is the 
sealing area of the hold seat and is esqposed to supply pressure PI. Its acts in 
opposition to Al. Area (A3-A4) is the effective area exposed to delivery 
pressure P2, and operates in opposition to Al. When the control pressure P3 is 
relatively low the supply pressure PI on A4 and the delivery pressure P2 on 
(A3-A4) keeps the hold seat open. Supply pressure PI also iacts on (A2-A4) on 
the secondary piston opposed by P2 acting on (A5-A4) to provide a sealing load 
on the exhaust seat. When the hold seat is closed this force is shared betwe«i 
the hold seat and the exhaust seat. 

When the solenoid is switched on tihe control pressure P3 rises towards 
the supply pressure PI.' When the control pressure P3 reaches a level relative to 
th& supply PI and delivery P2 defined (neglecting springs, friction and minor 
areas sudi as A6) by: 

(P3/Pl)iMd = A4/A1 + (P2/P1)*(A3-A4)/A1, •'Minimum Hold Pourt" 

the two pistons will start to move together to close the hold seat thereby 
stopping further rise of delivery pressure. When the hold seat is closed the 
pistons will stop moving. If the control pressure continues to rise when it 
reaches a level defined by: 
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(P3/Pl)Dump = A2/A1 + (P2/P1)*(A3-A5)/A1, ••Minimimi Dump Point" 

the primaiy piston will start to move again but this time without the 
secondaiy piston (which is constrained by the hold seat) thereby opening the 
exhaust seat and releasing deliveiy pressure. 

If the solenoid is switched on and off at an appropriate rate (depending 
on its flow capacity and the volume of the control chamber), the pressure in the 
control chamber can be maintained between the Minimum Hold Point and the 
Minimum Dump Point. The hold and exhaust seats remain closed thereby 
holding a constant pressure in the delivery. 

A small step rise in the delivery pressure can be achieved by switching 
the solenoid off for a period sufficient to allow the control pressure to drop 
below the minimum hold point momentarily. An extended solenoid on period 
may in some circumstances help to return the piston to the hold position more 
rjapidly than simply returning to the normal hold regime directly. In order to 
simplify the ABS control algorithm the time taken for the pressure in the 
control chamber to drop from the holding pressure to the minimum hold point 
must be predictable irrespective of the actual supply and delivery pressures. 
This is where the compensation for the non-linearity of the solenoid delivery 
coinesin. 

By iiisfveCtion of the expressions for Minimum Hold Point and Minimum ' 
Dump Point it is apparent that it is not simple to arrange for the ratios of A4/A1 
and A2/A1 to vary to provide compensation directly for different supply 
pressures. However, it is possible to adjust A3 such that the minimum hold 
point and tihe minimum dump point move higher at higher delivery pressure, 
thereby providing partial compensation. This should enable almost constant 
pressure steps during a slow build instead of the steps getting smaller (with 
constant build pulses) as P2 approaches PI. 
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If the supply pressure is removed whilst the valve is in its hold or dump 
states then the control pressure will also be released allowing the valve to retum 
to its build state and releasing any delivery pressure. 

If desired, instead of the fluid switch being a solenoid valve as described 
herekibefore, the fluid switch may comprise a piezoelectric valve which, as 
illustrated in Figure 6, has a supply seat 101 which controls an air supply port 
102, an exhaust seat 103 which controls an exhaust port 104, and a third port 
105 which supplies air, in the present example, to the control chamber 17. The 
seats 101 and 102 are controllable by a valve member 106 provided with 
suitable valve seat engaging parts 107, 108. The valve 106 is moveable by a 
piezoelectric element 109 so as to cause engagement between the valve seat 
101 and the valve member 107 or engagement between the valve seat 103 and 
the valve member 108. 

Although in this example the electrical switch has been described as 
supplying air to a control chamber of an ABS valve it may, in an alternative 
embodiment, provide air to the control chamber of an BBS valve. An EES 
valve may have the same structure as an ABS valve but is controlled in 
conventional manner, via the fluid switch, by electrical brake control logic. 

Further alternately the fluid switch may be applied to systems, other than 
that described hereinbefore, and it may be applied to any desired fluid, whether 
hydraulic or pneumatic. In addition the fluid switch may be arranged to provide 
' fluid to any suitable device which ifiay not be a valve, for example, to'a piston. 

Figures 7 to 11 illustrate a third embodiment of the invention which is 
similar to tiiat of the jSrst embodiment and the same refCTence numerals have 
been used to refer to corresponding parts ^ were used in Figures 1 to 5. 
Furthermore the valve described with reference to Figures 7 to 1 1 operate in the 
same way as the valve of the first embodiment and thus fiirther description of 
&e common parts is not required. " Hereafter, we describe only the additional 
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features which are present in the third embodiment and which are not present in 
the first embodiment 

The volume of the control chamber 17 is important for the dynamic 
operation of the valve. If the volume is too large, the time taken for the valve 
to change firom one state to another may be too long for satisfactory system 
performance. If the volume is too small then the control pressure variations in . 
the hold state may allow the piston to cause leakage ciiher from supply to 
delivery, or from delivery to exhausts, or both. 

Under production conditionis the volume may be incorrect due to 
dimensional tolerances on individual parts. The volume may be adjusted to 
correct for parts variation by providing a control volume adjuster. As shown in 
Figure 9, which is taken on a different section than is Figure 7, this comprises 
an adjuster piston 201 with a sliding seal 204 installed in a cylinder 202 or the 
like which is directly connected to the main control volume 17. The adjuster 
piston 201 is mounted on an adjusting mechanism such as a screw fliread 203. 

During the assembly process the dynamic response of the valve is 
measured by performing appropriate tests. According to the results of these 
tests the adjuster piston 201 is moved in or out of said volume, until the test 
results are within the required limits. The adjusting mechanism may then be 
fixed in a way which prevents or substantially prevents fiirther adjustment. 

In certain brake systems the rate of release of pressure at the end of a 
normal service brake application is increased through the use of a quick release 
valve. The same function can be priovided by a valve embodying the present 
invention. 

When the pressure is released rapidly from the supply port 1 1 the rate of 
pressure fall in the chamber 21 is much faster than the rate of pressure fall on 
the delivery side of the inner piston 22 because of the restricted flow through 
the hold seat 32/33. If the pressure ratio across, the piston 22 exceeds a 
particular value than the piston 22 will move to open the dump seat 25/26 and 
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allow a much faster release of pressure from the delivery port 13. However, the 
required rate of supplied pressure fall for this to occur may not be achieved in 
some brake systems because of the characteristics of the other valves in the 
system. In these circumstances a one-way restriction may be required to 
accentuate the difference across the piston and thereby cause tiie seat to open 
with a lower flow rate out of the supply port 11. This restriction must be 
positioned so as to not reduce the rate of pressure fall in the chamber 21 . 

An example of such a restriction is shown in Figures 10 and 1 1 of the 
drawings and comprises a shuttle valve 301 provided in association with the 
supply port 11. 

When fluid is flowing into the supply port 11, the shuttle component 
301a moves to the position shown in Figure 10 and offers little resistance to 
fluid flow as the fluid flow aroimd and outer edge 303 of the component 301a. 
The fluid can also flow into the central hole 31 of a stem 302 which is an 
extension of the inner piston 22. 

Conversely, when fluid is flowing out the supply port 11 the shuttle 
valve moves to the position shown in Figure 11 restricting the main flow 
around the outer edge 303 of the component 301a but allowing a small flow 
between an inner edge 304 of the component 301a and the stem 302. The flow 
rate out of the centre hole 3 1 is not restricted. 

In the present specification "comprises" means "includes or consists of 
and "comprising" means "includinjg'iS consisting of. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terais of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 



